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PREFACE AND REFLECTIONS 
Student's contribution to the project 
This project was carried out in association with researchers at the National Centre for 
Epidemiology and Population Health at the Australian National University (ANU), 
Canberra, using data from the 45 and Up study linked to a range of health databases; 
including death data from the NSW registry of Births, Deaths and Marriages (to the end 
of Dec 2009) and hospital data from the NSW Admitted Patient Data Collection (Jun 
2000-Jun 2009). 
Prof. Emily Banks and Dr. Rosemary Korda (research fellow at ANU), provided clinical 
guidance during the project and were instrumental in assisting me refine my research 
question. Dr. Korda worked closely with me at project commencement and provided the 
initial dataset which was used to create the subset dataset necessary to answer the 
research question. Some of the variables that were used in the analysis had previously 
been created by Dr. Korda and her advice was invaluable during the early stages of data 
management. Dr. Kris Rogers (biostatistician at the SAX Institute) provided statistical 
guidance during the analysis phase and assisted with some difficult data management 
issues. His knowledge of the dataset was quite beneficial when queries arose. He 
reviewed the manuscript and provided helpful information on areas of uncertainty. 
The project was carried out outside of normal working hours, as my employment at the 
time did not facilitate me working in it simultaneously; hence it took considerably longer 
than envisaged.  
Initially I was asked to examine all surgery/surgical procedures and investigate whether 
obesity was a risk factor for readmission to hospital within 28 days of separation 
following surgery. However, it became apparent that hospital coding for surgery/surgical 
procedures is not easily categorised and that it would be very difficult to classify what 
was a surgical procedure and what was not. A more straightforward approach was to 
identify patients that had a specific surgery type and examine readmission to hospital 
after separation from this surgery.  The surgery type presented in this project is knee 
arthroplasty (total arthroplasty, hemi arthroplasty and revision).  The Classification of 
Health Interventions (ACHI) codes used to identify these patients in the dataset are 
presented in the Appendix. 
Apart from the assistance outlined above, I carried out the vast majority of the work 
presented here. As proof of the work undertaken the Appendix includes the STATA do-
files that were used to set up the datasets, define the variables and carry out survival 
analysis. The majority of the work presented in this project was carried out by the author, 
including but not limited to the following points:  
1. Defining the research question 
The first step in the project was to work with the content supervisors (Banks & Korda) to 
clearly define the research question, taking into consideration the scientific literature and 
the constraints of the data.  
Initially I was asked to examine all surgery/surgical procedures. However owing to the 
difficulty in categorising hospital procedures and the time required to identify all individual 
surgery types I recommended limiting the analysis to a specific type of index surgery. 
Knee arthroplasty was the surgery procedure chosen as these patients often have higher 
BMIs and the literature is quite mixed in relation to how this affects risk of readmission.  
Other aspects of the research question that had to be debated and decided upon prior to 
commencement were: what constitutes a readmission, what the exclusion criteria should 
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be, and what time frame to use for readmission. This is discussed further in the 
'Background to the Project' section in the report.  
As the hospital dataset is an administrative one it is not possible to clearly articulate 
whether a hospital admission is directly associated with a ‘complication’ arising from a 
prior hospital admission.  I spent a considerable amount of time examining the dataset to 
see if I could further refine my event of interest to readmission with a complication 
following surgery, as opposed to any cause admission. 
2. Setting up the dataset and creating the variables of interest 
The 45 and Up baseline questionnaire was sent in waves between Jan 2006 and 
December 2008, with 11% of the entire NSW population aged 45 and over (n=266,848) 
participating in the study. The dataset created using this questionnaire was then linked to 
a range of health databases; death data from the NSW registry of Births, Deaths and 
Marriages (to the end of Dec 2009) and hospital data from the NSW Admitted Patient 
Data Collection (APDC) (Jun 2000-Jun 2009).  
Working with Dr. Korda of ANU a subset version of this dataset was created which 
contained all hospital admissions (for each 45 and UP participant) following 
completion of the baseline questionnaire (n=178,535). I reduced this larger dataset to 
create a subset dataset suitable for survival analysis, which had 1906 episodes of knee 
replacement and the date of the first overnight (any cause) readmission within a 28 day 
period. See Figure 1: in the Methods section of the Project report for how this process 
was carried out. 
Subsequent linkage had to be carried out by the author during the project.  One of the 
findings from the literature is that those that have higher number of hospital admissions 
prior to the index surgery admission are more likely to be readmitted (the revolving door 
theory). As the dataset I had originally created with Dr. Korda (n=178,535) did not have 
12 month pre-knee replacement surgery information for some patients I needed to go 
back to the original dataset of all hospitalisations of the 45 and Up participants from June 
2000 (n= 863,831) and use this to identify the number of overnight hospital admissions in 
the 12 months preceding each knee arthroplasty. This was further completed by the fact 
that some patients had more than one knee replacement episode while in the study. This 
took some time as patients were identified using a unique patient identifier as well as a 
unique code for each hospital admission.  
A literature search was carried out by the author to ascertain which factors have been 
recognised as increasing a person's risk of readmission. Considerable time was spent on 
accurately defining and creating variables that would be examined for an association with 
the event of interest. 
3. Analysis and report writing 
Survival analysis was the method used to examine the association between the variables 
of interest and readmission to hospital. All modelling was carried out by the author after 
spending some time refreshing on the technique. The report was written by the author 
and reviewed by the content and statistics supervisors. 
Reflections on learning  
There were two major lessons learnt from carrying out this project. Firstly the importance 
of tightly defining the research question at project commencement and secondly to seek 
more assistance early on from those with experience with the data. 
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Statistical computing 
The area that required the greatest amount of time/up skilling was familiarising myself 
with a large administrative dataset as I had not previously worked with such data. In 
relation to coding I should have sought assistance earlier on from those with more 
skill/experience in this area rather than spending a considerable amount of time setting 
up the dataset and reading STATA manuals to up skill. The importance of maintaining up 
to date well referenced/and well-structured do-files and logs of STATA output in saving 
time and workload was a very good lesson learnt early on.  
Graphics in STATA 12 are quite good. However plotting standard errors for the Kaplan 
Meier curves proved quite cumbersome, and I have only presented these for one of the 
covariates of interest. 
Other computing issues encountered are outlined in 'Setting up the dataset and creating 
the variables of interest' above. 
Statistical methods  
In relation to statistical methods, I had originally considered using logistic regression to 
examine the odds of readmission. Survival analysis was used instead though for the 
simple reason that one can introduce bias in regression if deaths/ those lost to follow up 
are not accounted for properly.  With logistic regression, patients that die or are lost to 
follow up before the 28 day period need to be excluded.  With survival analysis all 
patients contribute data to the analysis for their period of follow up. As the follow up 
period here is so short (28 days) one would expect to see very similar results from both 
analysis types.  
Kaplan-Meier (KM) survival curves were produced for some of the categorical covariate 
of interest. [1] With KM analysis, no assumptions are imposed on either the shape of the 
survival function, nor on the form of the relationship between predictor variables and 
survival time. A survival plot going down (most commonly displayed survival plots) 
displays the proportion of patients free of the event whereas a plot going up shows the 
cumulative proportion experiencing the event by time.  As the event rate is quite low (less 
than 10%) it is easier to see differences between the groups when presented with the 
plot going up, which is how they are represented here. It is best practice when plotting 
KM curves to include in risk tables of the numbers still event free at different time points 
in the follow up period, especially when follow up is long and the numbers event free fall 
significantly. Additionally the y axis which represents 0 to 100% event rate should be 
presented in full so as not to mislead and exaggerate the difference between two survival 
functions. As the event rate is low here, the axis has been curtailed to 0 to 10% but the 
reader's attention is brought to this. 
The Cox proportional hazards model was used to assess the risk factors associated with 
readmission. With Cox modelling, which is a semi-parametric technique, there is a 
baseline hazard function which is the same for all subjects. A subject’s own hazard is 
then modified by his/her covariate values.  All subjects are assumed to have the same 
shape of the hazard function, but each subject’s own hazard function is just a multiple of 
the hazard function of any other subject. This is called the proportional hazards 
assumption, which will need to be examined for adherence. The Cox model in fact is a 
method for obtaining parameter estimates without having to specify the form of this 
baseline hazard ho(t). [2] 
Statistical Principles 
Some statistical issues that came up during the analysis were:  
► How to deal with missing data for survey responses  
► Creating composite variables  
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► Interpreting Kaplan Meier curves with different survival functions at different time periods- using 
stratified log rank test to test whether any visual difference was significant or not 
► Having a structured approach to model building 
► Understanding the difference between confounders and effect modifiers 
► Examining whether continuous variables were linear in the log-hazard 
► Deciding whether continuous covariates should be categorised or left in their original form  
► Deciding how to split the categories of a previously continuous covariate (dependent on sample 
size/low event rate) 
► What to take as a reference range (categorical variables) for comparison purposes  
► How to interpret the overall significance of nominal scale variables to decide on their 
inclusion/exclusion from the model 
► Interpretation of complicated interaction terms  
► What to do when covariates are of borderline significance when building the model 
► Understanding the goodness of model fit using Cox Snell residuals 
► Interpreting outliers and ascertaining why they are outliers 
► Presenting the findings in an accurate and interpretable manner 
Teamwork 
Working within timelines 
As this project was carried out outside of work hours it was sometimes difficult to find 
sufficient time to carry out a large body of work. Doing it in this manner was not 
conducive to getting the work done in an efficient, timely manner as it lacked the flow that 
accompanies continuous work on a project. Leaving it for a week or two and then coming 
back to it made it quite disjointed and on each occasion it took me some time to re-
acquaint with the data, especially in the early stages while creating the dataset with 
required variables. 
Communication with other team members 
My main communication was with my content and statistical supervisors as outlined 
above. As this was an individual piece of work there wasn't a clear need to negotiate 
roles and responsibilities, however I did communicate a lot with Dr Korda when finalising 
the research question as she was extremely familiar with the study.  
Ethical consideration 
Ethics approval for this project was obtained from the NSW Population and Health 
Services Research Ethics Committee and the Australian National University Human 
Research Ethics Committee. The dataset was password protected and remained 
confidential. 
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PROJECT REPORT 
Title: Readmission to hospital following knee arthroplasty: what are the risk factors? 
Content supervisors:  Prof. Emily Banks and Dr. Rosemary Korda of the 45 and Up 
study group. National Centre for Epidemiology and Population Health at the Australian 
National University (ANU). 
Statistical supervisor: Dr. Kris Rogers, SAX Institute, Sydney. 
Location: While working on the data I was based at the Prevention Research 
Collaboration Centre, Sydney School of Public Health, University of Sydney.  
 
Full details of context, students contribution as well as issues encountered during the 
project are outline in great detail in the 'preface and learning' section. 
 
I declare this project is evidence of my own work, with direction and assistance provided 
by my project supervisor (s). This work has previously not been submitted for academic 
credit. 
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Workplace Portfolio Statistics Supervisor Statement  
Supervisor: Dr Kris Rogers 
Eimir Hurley (EH) has carried out a substantial project on readmissions to hospital after knee 
arthroplasty. Initially this project was envisaged as an examination of the factors associated with an 
increased risk of readmission to hospital following any type of surgical procedure. This would have 
followed on from work completed by Prof Emily Banks (EB) and Dr Rosemary Korda (RK) from The 
Australian National examining the factors associated with all-cause unplanned hospital admissions, in 
particular obesity. After getting some initial advice from EB and RK on the background issues, EH was 
supplied a linked dataset from RK which included the NSW Admitted Patients Data Collection, death 
notifications from the NSW Registry of Births, Deaths, and Marriages, and baseline questionnaire data 
from The 45 and Up Study. EH then sought some initial advice from myself (KR) on general issues 
about these particular datasets and on general data management. 
After EH spent a great deal of time working through coding the multitude of surgery and procedure 
types in the APDC data (becoming familiar with ICD10-AM procedure codes), it became apparent that 
examining readmission (even with a more limited 28 day time window) was not feasible. EH consulted 
another researcher (Prof Adrian Bauman) for some ad-hoc advice about the appropriateness of 
examining the association of obesity with all-cause readmission. Based on this and her initial 
experience working with the data she was able to identify that knee arthroplasties were a specific type 
of procedures where obesity might make an important contribution to risk of readmission.  
Once the specific sub-cohort had been identified, EH then did almost all of the data management 
required to prepare the linked datasets for final analysis, apart from one particularly difficult coding 
task required to separate different episodes of care for multiple arthroplasties (a common occurrence 
for knee surgeries). I was impressed by the way EH approached dataset preparation very 
systematically and kept track of the metadata required to prepare the analysis (procedure/diagnosis 
codes, rules to identify transfer to rehab facilities etc.).  
EH sought my advice a few times while she was then completing the final modelling on the prepared 
linked dataset. She was always very clear with her questions and had done thorough preparation that 
allowed me to understand very quickly what the problem was. Aside from some advice I provided on 
technical issues around model-building and model-checking, the rest of the final analysis was 
completed by EH.  
Although EH found that obesity did not appear to be associated with risk of readmission, this project 
managed to identify other factors that appear to be importantly related to risk of readmission. EH also 
identified that a more narrow restriction the outcome to only readmissions directly associated with the 
surgery would be improvement to the study design, and that a longer period of follow-up might also be 
interesting as it takes longer for certain complications of athroplasty to become apparent. 
Although this project ran longer than expected, I feel that this is offset by the amount of work and 
organisation required to create the final analysis data set. EH managed to prepare the analysis 
dataset from the basic linked datasets, without prior experience in this area. 
EH has completed most of the background research, data management, analysis, and writing for this 
work. I found that EH easy to work with as she is an effective communicator and approached data 
management and analysis in a professional, systematic way. I was also impressed at the initiative she 
took to overcome the initial difficulties with the project. This work is now easily built upon and I hope 
that EH will be keen to work with the collaborators on this project to turn this work into a manuscript. 
 
Kris Rogers 16/5/2012 
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INTRODUCTION 
Background to the project 
This project examines the factors leading to an increased risk of readmission to hospital 
within 28 days of separation post knee arthroplasty, with a particular focus on whether 
those with above normal BMIs are at a greater risk of readmission than those with 
normal BMI. 
Data from the 45 and Up study; a large Australian population-based cohort study of 
people aged 45 and over, provided the mainstay of the information required. The 
baseline questionnaire was sent in waves between Jan 2006 and December 2008, with 
11% of the entire NSW population aged 45 and over (n=266,848) participating in the 
study. The majority were recruited by the end of 2008, but some people took longer in 
returning the survey hence some recruit dates went into April 2009.This dataset was then 
linked to a range of health databases; death data from the NSW registry of Births, 
Deaths and Marriages (to the end of Dec 2009) and hospital data from the NSW 
Admitted Patient Data Collection (APDC) (Jun 2000-Jun 2009). A subset version of the 
APDC included all hospital admissions (for each participant) following completion of the 
baseline questionnaire were used as the initial dataset for this project. 
Initial findings from the research team investigating the link between incident 
hospitalisation and obesity found that participants in the study that were above normal 
BMI were at an increased risk of hospitalisation, compared with those of normal BMI. 
Following on from this, this project aimed to ascertain whether patients that were 
overweight or obese were at an increased risk of being readmitted to hospital within 28 
days of being discharged after major surgery.    
A recent publication found that BMI is a significant predictor of mortality within 30 days 
of surgery, even after adjusting for surgery type and patient's overall expected risk of 
death. [3]  Studies are mixed in relation to obesity and morbidity/post-operative 
complications. A large prospective cohort of 6336 patients found that obesity is not a 
risk factor for development of complications. [4] While other studies have shown that only 
those with morbid obesity have increased morbidity post-surgery.[5] A risk index 
developed  in 2002 for patients undergoing coronary artery bypass graft (CABG) surgery 
found that  obesity (odds ratio [OR], 1.78; 95% CI: 1.24 to 2.55), peripheral or 
cerebrovascular disease (OR, 1.64; 95% CI: 1.16 to 2.33), insulin‐dependent diabetes 
mellitus (OR, 2.29; 95%CI: 1.15 to 4.54), and a procedure lasting longer than 5 hours 
(OR, 1.75; 95%CI: 1.18 to 2.58) were identified as independent risk factors for surgical 
site infections. [6] 
The link between increased BMI (overweight- obese) and readmission to hospital post-
surgery is also mixed. The majority of studies examining factors associated with risk of 
readmission to hospital post surgery tend to examine specific surgery types; with a large 
proportion examining risk factors for readmission following cardiac surgery, with mixed 
findings.  [7-10] 
For the focus of this project (knee arthroplasty); being morbidly obese (i.e. BMI>35) has 
been associated with greater post-operative rates of infection in knee arthroplasty 
patients in some studies [11, 12] while other studies have found no increased risk of 
readmission in obese patients undergoing knee arthroplasty. This may be because deep 
wound infections warranting readmission are quite rare and do not manifest themselves 
until after the 28 day period which is used to define a readmission. Malinzak et al 
conducted a retrospective review on 6108 patients undergoing 8494 total joint 
arthroplasties between 1991 and 2004.[11] The rate of deep wound infection was 
extremely low (0.5%), and the average time to infection diagnosis was 9.6 months.  
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While widely reported and compared, debate still abounds over the usefulness of 
readmission rates as indicators of hospital performance. [13-19] A large part of this 
debate is as a result of the lack of a clear definition of 'readmission'.  Readmission rates 
to hospitals (as well as risk factors for same) vary considerably depending on several 
factors. [20-22] The three most prominent being: 
1. Definition of readmission  
The definition of a readmission to hospital varies considerably: 
► any-cause readmission 
► a readmission that is clearly associated with the previous admission 
► readmission for a complication after the previous admission 
► emergency admissions only 
2. Time frame for readmission 
While many studies follow patient cohorts for longer periods the most widely accepted 
definition for readmission is 'a hospital admission within 28 days of separation from the 
index hospital admission'. Different study designs such as joint registries have a greater 
clinical picture of the patient and often follow cohorts for longer, looking at readmissions 
associated with complications post-surgery.  
3. Cohort being examined 
Whether the patient population being examined are: 
► all patients discharged from hospital 
► either surgical or medical patients  
► patients following specific surgery types 
Objectives of the project 
The main objective of this project was to examine whether those with a BMI greater than 
normal (>25 kg/m
2
), were at increased risk of being readmitted to hospital than those 
with a normal BMI (<25 kg/m
2
); adjusting for possible confounders. Using the WHO 
weight classification, BMI was categorised as: underweight 15—, normal weight 18.5—, 
overweight 25—, and obese 30—. 
The outcome of interest was readmission within 28 days post separation from hospital 
after knee arthroplasty. Readmission was defined as 'any overnight readmission 
within 28 days post separation after knee arthroplasty regardless of whether it was 
associated with the index surgery or not'. An admission with a primary ICD code of 
rehabilitation was not classed as a readmission. 
Knee arthroplasty episodes were identified in the APDC data using the ACHI codes 
outlined in the Appendix, and constitutes total knee arthroplasty, hemi knee arthroplasty 
and knee revision. 
While the main question to be answered was whether or not obesity was associated with 
a higher risk of readmission, this was expanded upon to examine other possible risk 
factors for readmission following knee arthroplasty. 
Ethics approval 
Ethics approval for this project was obtained from the NSW Population and Health 
Services Research Ethics Committee and the Australian National University Human 
Research Ethics Committee. 
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METHOD 
Data management 
A significant component of the project was setting up the dataset and creating/defining 
variables to be used in the analysis. All STATA12 code used for the project accompanies 
this submission. 
1. Setting up the dataset with the required observations 
The dataset received from my content supervisor (Dr. Korda) consisted of ALL hospital 
admissions for each participant in the 45 and up study AFTER they had completed the 
initial questionnaire (a time period spaning January 2006 to 30 June 2009, the date of 
the last hospital admissions). For example, the first 45 and Up study participant to be 
admitted to hospital was on the 23 Jan 2006. They had completed the questionnaire on 
11 Jan 2006.   
See Figure 1:  for a full description of the dataset. 
Some issues that were encountered and needed to be taken into consideration: 
1. Some patients had more than one knee replacement episode in the data, which is not surprising 
given that most knee replacements would be carried out on separate occasions.  A total of 1823 
patients in the data had 1913 individual hospital admissions for knee arthroplasty. It was therefore 
decided that the unit of interest would be the knee surgery episode NOT the individual patient. 
This made some of the data management cumbersome (especially when creating the number of 
admissions in the preceding 12 months) and in hindsight it may have been easier to take the first 
knee arthroplasty episode per participant.  
 
2. Length of stay in the hospital dataset, which was used to extract the event of interest (i.e. 
overnight readmission to hospital), had a minimum value of 1 even if it was it was just a day 
admission and the patient was not staying overnight. Therefore a different flag in the dataset (day 
stay flag) and date of hospital admission/separation had to be used. 
 
3. Transfers to another hospital during the same admission needed to be accounted for so that firstly 
the hospital stay was seen as just one event (important for prior admissions in the previous 12 
months) and secondly to accurately quantify the length of stay in hospital. This had been taken 
into account in the dataset received. 
 
4. Readmission on the same day to a step down facility was not to be mistaken as a readmission 
and therefore the event of interest.  Surgery at tertiary level and then transfer to community for 
rehab is standard practice in the public system.  Similarly any admission with a primary ICD code 
of rehabilitation was not classed as a readmission. 
 
5. Participants with missing information for a variable were assigned to a separate category for that 
variable where a substantial proportion of observations were missing. For example, 487 of the 
1906 subjects (26%) had no income recorded in the questionnaire; therefore an extra category 
was created. The 'missing as a category' is widely used without justification, it some instances in 
can cause bias. However the alternative (multiple imputation) isn't really feasible at the moment for 
categorical covariates; there are very few good implementations of this and not many validation 
studies. 
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Creating the dataset with the event of interest: i.e. first overnight readmission within 28 days 
after knee arthroplasty  
As the event of interest was all-cause overnight readmission within 28 days post 
separation, it was necessary to scan through all hospital admissions after knee surgery 
separation calculating the time between the separation and next admission. This was 
completed in SAS with the help of my statistical supervisor (Dr. Rogers) as the coding 
proved quite tedious in Stata. Again the difficulty lay in the fact that some patients had 
more than one knee arthroplasty which needed to be classed as a new surgical episode. 
Where separation was to a step down facility as highlighted in point 4 above, this 
admission was ignored and not treated as a readmission. This was identified in the 
dataset as ICD10 code=Z50 and number of days between surgical separation and new 
hospital admission were nil. Subsequent admissions were examined in the usual 
manner. Similarly any readmissions with a primary diagnosis as rehabilitation were not 
counted as readmissions.  
FIGURE 1:  FLOW CHARTS OF DATASETS CREATED 
All hospitalisations post completion of the 45 and UP baseline questionnaire* 
(n=178535)
All knee arthroplasty episodes + all other hospital admissions (pre + post) associated 
with those patients (n=7230)  
( 1913 knee arthroplasty + 5317 other admissions)
All knee arthroplasty episodes + all admissions (all cause/all lengths of stay) within 28 
days of knee surgery discharge n=3678) 
(1913 knee arthroplasty + 1765 subsequent admissions during the following 28 days)
All knee arthroplasty episodes + all admissions (all cause/overnight only) within 28 
days of knee surgery discharge n=2060)
(1913 knee arthroplasty + 147 subsequent o/night admissions during the following 28 days)
All knee arthroplasty episodes + date of first readmission** (all cause/overnight only) 
within 28 days of knee surgery discharge (n=1913)
All knee arthroplasty episodes before 30 June 2009*** +  date of first readmission 
(all cause/overnight only) within 28 days of knee surgery discharge (n=1906) 
Note
* From Jan 2006 to Jun 
2009
**Same day admission 
to a step down facility 
was ignored
***7 surgery episodes 
occurred on the last day 
of dataset (30/06/2009) 
so were removed. 
 
The final dataset (n=1906 surgery episodes) now had a variable with the time to event of 
interest (first any cause readmission (o/night only) during the 28 day period following 
separation and was in the format required to analyse using survival analysis. 
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2. Setting up the variables  
There is a wealth of scientific literature on the factors that may be associated with an 
increased risk of readmission to hospital post-surgery. The datasets used vary greatly, 
with some using large administrative datasets like the one used in this project, and 
others using more purposeful built registries.  Some studies look at all surgery patients. 
However the majority focus on a particular index surgery. [7-9, 20-26] 
Taking into account the findings of these studies, the variables to be examined for this 
project were narrowed down and classified as patient demographics; overall health and 
function; sociodemographic and social determinants of health; medical comorbidities; 
prior use of medical services; and surgery specific details.  
The majority of the variables were taken from the 45 and Up baseline questionnaire, 
while the hospital dataset provided information on the dates of knee arthroplasty and the 
event of interest (readmission). 
TABLE 1:  FACTORS INVESTIGATED AS PREDICTORS OF READMISSION TO HOSPITAL FOLLOWING KNEE ARTHROPLASTY 
Variable subset Variable 
Patient demographics -Age at admission to hospital for knee arthroplasty* 
-Sex 
Overall health and function - BMI** 
- Self-reported health 
- Physical activity sessions per week 
- Help with daily tasks because of long-term illness or disability 
- Alcohol consumption 
- Smoking 
Sociodemographic and social determinants of health: - Household income 
- Marital status 
- Health insurance  
- Area of residence 
- Social time 
Medical comorbidity -Prior history of serious illness*** 
-Diabetes 
Prior use of medical services The number of all-cause overnight admissions in the 12 months 
preceding admission for arthroplasty 
Surgery specific details -Total length of hospital stay during index-surgery admission 
-Length of stay post-surgery 
-Type of arthroplasty (total, hemi, revision) 
-Separation to a step down facility 
* Age in the dataset was age at questionnaire completion, therefore time between study completion and surgery was used to create this variable.  **BMI was 
calculated from weight and height as self-reported on the questionnaire. *** A composite variable defined as having answered yes in the 45 and UP 
questionnaire to a prior diagnosis of cancer (excluding non-melanoma skin cancer) or heart disease or diabetes. 
While many of the variables outlined above were present in the dataset (or could be 
created with some manipulation) some variables required more work, such as previous 
hospital admissions within the preceding 12 months. This has frequently been cited as a 
risk factor for readmission to hospital.  
The dataset I received contained all admissions after the 45 and Up study baseline 
questionnaire completion so I did not have a complete 12 month pre-knee surgery history 
for all patients.    Therefore I needed to go back to the original dataset again and 
calculate how many overnight admissions each knee surgery episode (NOT patient) had 
had, in the 12 months prior to knee surgery.  
Survival Analysis  
Survival analysis was used instead of logistic regression for the simple reason that one 
can introduce bias in the latter if deaths/ those lost to follow up are not accounted for 
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properly.  With logistic regression, patients that die or are lost to follow up before the 28 
day period need to be excluded.  With survival analysis all patients contribute data to the 
analysis for their period of follow up. 
The time span from separation post knee arthroplasty to the first overnight readmission 
(within the following 28 days only) represented the survival time. The event of interest 
was any-cause overnight readmission. Patients who did not have a rehospitalisation 
during the study period were censored at either the date of the last follow up (29th day), 
or the end of the dataset (30 June 2009) or the date of death. 
Kaplan-Meier (KM) survival curves were produced for some of the categorical covariate 
of interest. [1] With KM analysis, no assumptions are imposed on either the shape of the 
survival function, nor on the form of the relationship between predictor variables and 
survival time.  
The Cox proportional hazards model was used to assess the risk factors associated with 
readmission. With Cox modelling, which is a semi-parametric technique, there is a 
baseline hazard function which is the same for all subjects. A subject’s own hazard is 
then modified by his/her covariate values.  All subjects are assumed to have the same 
shape of the hazard function, but each subject’s own hazard function is just a multiple of 
the hazard function of any other subject. This is called the proportional hazards 
assumption, which will need to be examined for adherence. The Cox model in fact is a 
method for obtaining parameter estimates without having to specify the form of this 
baseline hazard ho(t). [2] 
Covariates considered (outlined in Table 1: above), included age, sex, BMI, length of 
stay during index surgery hospitalisation, number of previous hospital admissions in the 
12 months prior to admission for knee arthroplasty, prior history of serious illness, cancer 
as well as several socio-demographic factors. 
Initially covariates were screened by their individual associations with the outcome of 
interest and then in a multivariate model created using purposeful selection. The 
purposeful method of variable selection and model building was used as recommended 
by Hosmer and Lemeshow. [2] 
Purposeful method of variable selection 
1. Uni-variable analysis 
The first step was to carry out a uni-variable analysis of the association between survival 
time and each of the covariates under consideration (without adjustment for 
confounders). All those variables that were significant at the 20% level were considered 
for inclusion into the multivariable model.  
For categorical variables the log rank test was used to check for equality of survival 
across the different groups, i.e. male versus female, age group 1 versus age group 2; the 
different income levels etc. If a variable had two or more categories and a significant p 
value for the log rank test the null hypothesis that the survival functions of the different 
groups were the same was rejected. 
For continuous variables point and 95% confidence interval estimates of the hazard 
ration (HR) for a clinically relevant change (such as an increase in 5 years or an increase 
in 5 units of BMI) were presented with the significance level of the Wald test. 
 
2. Create the first Multivariable model 
The next step was to establish a multivariable model with those covariates significant at 
the 20% level from the univariable analysis. This method of inclusion meant that all 
statistically significant variables or ones with the potential to be an important confounder 
were included in the model. 
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3. Delete variables 
Covariates were then deleted by looking at the Wald test p-value in the Cox model. If this 
was not significant at the 5% level, the variable was deleted. The likelihood ratio (LR) test 
of the models with /without the deleted variable was then carried out to confirm that the 
deleted variable was not significant. This was especially important when deleting 
nominal scale covariates.  
4. Add confounders back in 
Care needed to be applied here as in addition to being a contributor to the model itself, a 
covariate can be a confounder of the association of another covariate with the outcome 
or an effect modifier of this association. After deleting a variable(s), coefficients of the 
remaining variables in the model were examined to see if they had changed by more 
than 20%. If they had, the removed variable was a confounder and needed to be added 
back into the model. This process was continued until no more covariates could be 
deleted from the model. 
5. Create the preliminary main effects model 
At this stage the covariates not included in the initial multivariable model were added in 
one by one to confirm that they were neither significant nor an important confounder. The 
end model here is called the preliminary main effects model 
6. Examine the scale of continuous covariates and create the main effects model 
Testing was carried out to examine that the effect of continuous covariates was linear in 
the log hazard, and if not, what transformation of the covariate(s) was needed. Here, 
martingale residual were used for checking the functional form of continuous covariates. 
The steps involved are: 
1. Fit the Cox model without the continuous covariate x, and store the martingale residuals from this 
model. 
2. Plot these martingale residuals against x. 
3. If this scatterplot is linear, this indicates that the log-hazard is linear in x. If not, the plot may 
suggest an appropriate transformation. 
The model here with the covariates in the appropriate scale is called the main effects 
model. 
7. Include any required interactions to create the preliminary model 
The final step in the variable selection process was to determine whether any 
interactions were needed. Note as with any model building exercise the interactions 
tested should only be between two covariates already in the main effects model and 
should be plausible and clinically interesting. 
Each individual interaction was assessed by comparing the model with the interaction 
term to the main effects model (i.e. the model without any interaction terms present) via 
the partial likelihood ratio test. Often when an interaction term enters a model, the 
coefficient of one of its component main effects may have a non-significant Wald 
statistic. However all main effects of significant interactions should remain in the model. 
Only significant interactions were retained as they are difficult to interpret and will 
increase standard errors unnecessarily. The model with all necessary interactions is 
called the preliminary model. 
 
 
 METHOD 16  
 
FIGURE 2:       THE DIFFERENCE BETWEEN A COVARIATE IN BEING A CONFOUNDER AND AN EFFECT MODIFIER 
 
 
 
 
 
WHAT IS THE DIFFERENCE BETWEEN A COVARIATE IN A MODEL BEING A 
CONFOUNDER OR AN EFFECT MODIFIER? 
Say we are interested in a specific risk factor, d and another covariate x, where x is also 
significantly associated with the outcome of interest. In addition to being a contributor to 
the model itself, the covariate x could be:  
► a confounder of the association of the primary covariate d with the outcome  
► an effect modifier of the association 
► neither a confounder nor an effect modifier 
In this example, d has two levels (0=absent, 1=present) and the primary goal is to 
estimate the hazard ratio for d. 
Fit three models: (i) model with d not x (ii) model with d and x (iii) model containing d, x 
and their interaction x*d. 
Model 1: The proportional hazards model that contains only d has a specific log-hazard 
function. The difference in the log hazard function at the 2 levels of d (d= 0 or 1) is theta 
(unadjusted estimator). 
Model 2: Include x in the model and this gives the adjusted difference in the log-hazard 
function. 
If the two estimators (coefficients for d) are similar then x is not a confounder of the 
association of d and survival time, as measured by the difference in the log-hazard. If the 
estimators are different then adjustment is needed and the variable x may be a 
confounder of the association.  
The size of the difference between the estimators from the two models (adjusted and 
unadjusted) is a function of the difference in the distribution of x within the two groups 
defined by d and the magnitude of the association between x and survival time. If the 
difference in x between the two groups is zero or if coefficient for x is zero then the crude 
estimator will obviously be the same as the adjusted one. Once we include the covariate 
x in the model, the adjusted estimate of effect for d is constant - it does not depend on 
the value of x.  
However if the effect of d does depend on the value of x, then we say that the covariate 
x is an effect modifier. Suppose d represents a treatment and x represents age- if the 
effect of the treatment varies with age, then age is said to be an effect modifier and one 
would need to include an interaction term in the model. While confounding by x depends 
on two quantities, its effect modification depends only on the magnitude of a single 
coefficient and thus is typically examined via the Wald test for the interaction coefficient 
or the partial likelihood ratio test comparing the 2 models.  Once we make the decision 
that there is evidence that a covariate is an effect modifier, discussion of its role as a 
confounder is no longer relevant.  
Key point: A covariate can be a confounder or an effect modifier- but NOT both 
simultaneously. 
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8. Model checking to create the final model 
Before the model could be used to make any statements about the factors that influence 
readmission it had to be examined for adherence to key assumptions- e.g. proportional 
hazards and whether any subjects had undue influence on the fitted model. In addition, 
summary measures of goodness of fit were calculated to support model assessment. 
When we thoroughly evaluated the preliminary model it was then the final model. 
1. Checking proportional hazards assumption 
2. Goodness of fit measures. 
3. Subjects with undue influence 
In relation to item 3 it is important to identify which subjects have an unusual 
configuration of covariates, exert an undue influence on the estimates of the parameters, 
or have an undue influence on the fit of the model. 
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RESULTS 
Patient population 
A total of 1913 knee arthroplasty procedures (total, hemi, revisions) were carried out on 
1823 participants in the 45 and Up study between January 2006 and 30 June 2009. As 
seven participants were discharged on the final day of the data set (30 June 2009), they 
were excluded from the analysis. Hence 1906 episodes of surgery were followed for a 
total of 49,193 days (up until and including 28 days) post separation. Table 2: 
summarises the baseline characteristics of the study population. 
TABLE 2:  SOME BASELINE CHARACTERISTICS OF THE PATIENT POPULATION   
Characteristics  Values* Count (%) 
Age   45-64   
  65-79  
80+  
Total  
622 (33%) 
956 (50%) 
328 (17%) 
1906  
Gender Male (920) 
Female (986) 
Total  
920 (48%) 
986 (52%) 
1906 
Prior hx of serious illness** No  
Yes  
1089 (56%) 
 820 (43%) 
Diabetes No  
Yes  
Total 
1651 (87%) 
255 (13%) 
1906 
Prior use of medical services*** 0  
1  
2  
3+  
Total  
1416 (74%) 
301 (16%) 
133 (7%) 
56 (3%) 
1906 
BMI Underweight (6) 
Healthy weight (336) 
Over weight (706) 
Obese (721) 
Total 
6 (0.4%) 
336 (19%) 
706 (40%) 
721 (41%) 
1769 
Self-related health Fair/poor/good  
V.good/excellent  
Total 
400 (21%) 
1439 (78%) 
1839 
Length of stay post-surgery Median (IQR), Max 7 (5-15), 112 days 
Household income <20K 
20-49K 
>=50 
Missing 
Total 
515 (27%) 
530 (28%) 
374 (20%) 
487 (26%) 
1906 
*While values presented in the table are based on 1906 knee surgery episodes not all participants provided data in the questionnaire for each variable of 
interest **Defined as previous diagnosis of heart disease, cancer, diabetes, stroke as self-reported on the 45 and Up questionnaire. *** Defined as number 
of overnight hospital admissions in the preceding 12 months. 
Half of knee replacement patients (n= 956, 50%) were in the 65-79 age-group, with the 
mean age of all knee replacement episodes being 69.7 years (SD 9.4).The oldest patient 
was 97 years of age. A slightly greater number of females than males underwent the 
procedure (986 vs. 920). Almost half (n=820, 43%) had had a prior diagnosis of a serious 
illness (composite variable) and the majority (n=1416, 74%) had not been hospitalised in 
the preceding twelve months.  
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A significant proportion of knee replacements were carried out on patients that were 
either overweight or obese. Of the surgical episodes with BMIs recorded (n=1769), 706 
(40 %) were carried out on patients that were overweight and 721(41%) on patients that 
were obese. Comparing this to the full 45 and Up cohort with data available for this 
variable (n=223,664), 40% were overweight (BMI ≥ 25), and 22% were obese (BMI ≥ 30).  
The median length of stay in hospital following the procedure was 8 days with an 
interquartile range of 5-15 days. While many patients were readmitted several times 
during the follow-up period, the first episode of readmission was taken as the outcome 
of interest, regardless of the cause. A total of 138 events of interest were recorded- i.e. 
7.2% of all knee arthroplasty episodes (n=1906) had a readmission within 28 days. 
Nearly half of these readmissions actually occurred during the first week post separation 
(n=61, 44%) 
TABLE 3:  READMISSIONS DURING FOLLOW UP, BY WEEK 
Time span Number readmitted n (% of all readmissions, total=138) 
Day 1 to Day 7 61 (44%) 
Day 8 to Day 14 36 (26%) 
Day 15 to Day 21 19 (14%) 
Day 22 to Day 28 22 (16%) 
Univariable Analysis (unadjusted) 
A survival plot going down displays the proportion of patients free of the event whereas a 
plot going up shows the cumulative proportion experiencing the event by time.  As the 
event rate is quite low (less than 10%) it is easier to see differences between the groups 
when presented with the plot going up. Note the y axis is curtailed to a range of 0 to 0.1, 
which represents 0 to 10% event rate, not 0 to 100%. 
FIGURE 3:  RISK OF READMISSION 
 
The following section contains graphs of the Kaplan Meier estimators of the survival 
function for each category, for some of the variables of interest. These are unadjusted 
analyses. For example, for sex, the graph shows the survival function of males versus 
females. The pattern of one function lying completely above the other as is the case with 
self-reported health (Figure 5: ) means the group defined by the upper curve had a less 
favourable survival experience, or experienced more events than the other group (lower 
curve). The log rank test was then applied to test whether the observed difference was 
statistically significant or not. See Table 4: for full details. 
There is a need to put in standard errors in the graphs, otherwise any visual signs of 
difference between the groups may look more convincing than they actually are. 
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Standard error bars at a few particular points are preferable to confidence intervals which 
crowd graph. To the best of my knowledge, it is not possible to get the recommended 
standard error bars using the sts graph command in STATA 10. Instead I used some 
complicated computation to do this. See do file 5 in the Appendix.  As an example 
standard error (SE) bars are presented in the graph just for self-reported health. 
FIGURE 4:  RISK OF READMISSION BY SELF REPORTED HEALTH 
 
FIGURE 5:  RISK OF READMISISON BY SELF REPORTED HEALTH (WITH STANDARD ERRORS) 
 
FIGURE 6:  RISK OF READMISISON BY SELF REPORTED HEALTH (WITH STANDARD ERRORS) 
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FIGURE 7:  RISK OF READMISISON BY BMI (CATEGORISED) 
 
FIGURE 8:  RISK OF READMISSION BY AGEGROUP 
 
The above two graphs are for BMI and age group, both in categorical form. These 
variables were also considered in their continuous form for inclusion into the model.  
BMI was categorised into 4 categories; namely underweight, healthy weight, overweight 
and obese. There were no events in the ‘underweight’ category and these patients were 
grouped as underweight/normal for the remainder of the analysis, when BMI was 
categorised. 
FIGURE 9:  RISK OF READMISISON BY GENDER 
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FIGURE 10:  RISK OF READMISISON BY SERIOUS ILLNESS 
 
Interestingly, when looking at the two graphs for gender and history of serious illness 
(Figure 9: Figure 10: ), it is obvious that from days 0 to 7 there is no difference in the risk 
of readmission between the different categories, but from days 7 to days 28 there is a 
clear divergence in the two curves seen in both graphs. Males appear to have a greater 
risk of readmission than females, and similarly those with previous history of serious 
illness seem to have a greater risk of readmission than those without.  
As shown in Table 4: the log rank test for the overall difference between the survival 
functions is not significant at the 5% level for these two variables.  To test whether there 
was a statistically significant (at the 5% level) difference between the curves after 7 
days, a stratified log rank test was carried out, both by individual weeks ( i.e. comparing 
week 1 post separation to week 2 post separation, to week 3 and so on)  as well as 
comparing days 0-7 to days 7-28.  The p-values returned were >0.05 in both scenarios. 
Therefore there was not enough evidence to reject the hypothesis that the survival 
functions were the same before and after 7 days. In other words, regardless of the visual 
difference between the curves, there is no evidence that there is a difference in the risk 
of readmission to hospital between males and females, or between those with and 
without prior serious illness, even when looking at different time frames post separation. 
Table 4: and Table 5: are the unadjusted univariable analyses of the factors of interest, 
tested for significance at the 20% to ascertain whether they are associated with the 
outcome of interest. For the purpose of model building any variables significant at the 
20% level in a univariable analysis would then be entered into a Cox model at Step 2 of 
the process. Even though rehab is significant at the 20% level I will not include it in the 
first model as the numbers entering rehab are too small (n=64, 3% of all surgical 
episodes). 
TABLE 4:  CATEGORICAL VARIABLES - LOG RANK TEST  P VALUES (N=1906)  (UNIVARIATE ANALYSIS) 
Variable 
 
Category  
(events, n) % 
 
Log rank 
test p-
value 
Significant 
at 20% level 
Gender Male (75, 920) 
Female (63,986 
8.2 
6.4 
0.158 yes 
Age (Categorised) 45-64 (35,622) 
65-79 (74,956) 
80+ (29,328) 
5.6 
7.7 
8.8 
0.153 yes 
Prior hx of serious illness* No (71,1086) 
Yes (67,820) 
6.5 
8.2 
0.174  yes 
Number of hospitalisations in previous 12 
months 
 
0 (85,1416) 
1 (29,301) 
2 (12,133) 
3+ (12,56) 
6.0 
9.6 
9.0 
21.4 
0.000  yes 
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BMI (Categorised)** 
 
Underweight (0,6) 
Healthy weight (33,336) 
Over weight (43,706) 
Obese (53,721) 
0 
9.8 
6.1 
7.4 
0.177 yes 
Self-related health Fair/poor/good (41,400) 
V.good/excellent (95,1439) 
10.3 
6.6 
0.013 yes 
Physical activity sessions per week 0-4 (32, 391) 
4-10 (33, 629) 
10-18 (41,545) 
18+ (26, 287) 
8.2 
5.2 
7.5 
9.1 
0.125 yes 
Help with daily tasks because of long term 
illness or disability 
No (99, 1577) 
Yes (26,203) 
Missing(13,126) 
6.3 
12.8 
10.3 
0.001 yes 
Alcohol consumption/week None (59,644) 
1-14 (60, 936) 
15+ (18, 277) 
Missing (1,49) 
9.2 
6.4 
6.5 
2.0 
0.081 yes 
Smoking Current (2,46) 
Ex (59, 810) 
Never (76, 1046) 
Missing (1,4) 
4.3 
7.3 
7.3 
0.3 
0.327 no 
Household income <20K (57, 515) 
20-49K (32, 530) 
>50K (15, 374) 
Missing (34, 487) 
11.1 
6.0 
4.0 
7.0 
0.001 yes 
Marital status*** No (40,517) 
Yes (98, 1384) 
7.7 
7.1 
0.637 no 
Health insurance None (45, 537) 
Hosp/DVA (93, 1369) 
8.4 
6.8 
0.217 no 
Area of residence Major city (57, 820) 
Inner regional (52, 743) 
More remote (29, 343) 
7.0 
7.0 
8.5 
0.640 no 
Social time No (11,145) 
Yes (127, 1761) 
7.6 
7.2 
0.837 no 
Type of arthroplasty TKA(114,1615) 
HKA (11, 163) 
Revision (13,128) 
7.1 
6.7 
10.2 
0.428 no 
Separation to a rehab facility**** No (136, 1842) 
Yes (2,64) 
7.4 
3.1 
0.194 yes 
*Prior hx of serious illness is defined as previous diagnosis of heart disease, cancer, stroke or diabetes as self-reported on the 45 and UP questionnaire 
**BMI underweight and normal weight grouped together- there were no events in the underweight category.***Marital status defined as currently 
married/defacto versus neither. **** Even though rehab is significant at the 20% level I will not include it in the first model as the numbers are too small 
(n=64). 
TABLE 5:  CONTINUOUS COVARIATES- ESTIMATED HAZARD RATIO FOR TIME TO DEATH WITH 95% CI ESTIMATES, (N=1906) 
(UNIVARIATE ANALYSIS) 
 
 
 
 
 
 
 
Variable Change 
Hazard ratio for Change 
(95%CI) 
Wald test P 
value 
Significant at 
the 20% level 
Age 1 year 1.015 (0.997, 1.033) 0.106 yes 
Age 5 year 1.076 (0.984, 1.177) 0.106 yes 
Length of stay post-procedure 1 day 1.017 (1.003, 1.033) 0.021 yes 
Length of stay post-procedure 5 days 1.090 (1.013, 1.173) 0.021 yes 
BMI 1 unit 1.004 (0.973, 1.038) 0.783 no 
BMI 5 units 1.023 (0.870, 1.203) 0.783 no 
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As can be seen from Table 5: the hazard ration (HR) of readmission increases by 7.6 % 
for every 5 year increase in age and this is independent of the age at which the increase 
is calculated. Similarly the HR of readmission increases by 9.0 % for every an increase 
of 5 days in length of hospital stay post arthroplasty. Of note BMI is its continuous form 
was not significantly associated with the outcome of interest even at the 20% level. This 
is a difficult one as it is often remarked that there's a 'U' association of BMI with many 
things; in that those that are underweight are an increased risk of poorer health 
outcomes in a similar manner to those who are obese. However the number of 
underweight patient undergoing knee arthroplasty was extremely small (6/1769 BMIs 
reported=0.4%) 
Multivariate Analysis 
1. The first multivariable model 
From the univariable analysis the 11 covariates that were significant at the 20% level and 
therefore were to be included in the first multivariable model were: 
► Sex (categorical) 
► Age (continuous) 
► Prior history of serious illness (categorical) 
► Number of previous overnight hospital admissions in the 12 months prior to surgery (categorical) 
► BMI (categorical) 
► Self-rated health (categorical) 
► Physical activity sessions per week (categorical) 
► Help with daily activity required because of disability (categorical) 
► Number of alcohol units per week (categorical) 
► Income (categorical) 
► Length of stay post procedure (continuous) 
This method of inclusion meant that all statistically significant variables or ones with the 
potential to be an important confounder were included in the model.  The output from this 
model is presented in Table 6:  
Because many of the variables being examined were nominal scale there was a need to 
carry out an overall test for significance (for the variable as a whole) to decide whether 
they should be removed from the model at this stage. This is because the output form 
the Cox model gives coefficients for the individual indicator variables, not the covariate 
as a whole. These results are presented separately and shown in 0 
TABLE 6:   ESTIMATED COEFFICIENTS, STANDARD ERRORS, Z-SCORES, TWO-TAILED P-VALUES FOR THE FIRST 
PROPORTIONAL HAZARDS MODEL  
Variable Coefficient 
Standard 
error Wald p>|z| Next step 
Sex -0.453 0.209 -2.17 0.030 Leave in  
Age -0.005 0.011 0.46 0.647 Leave in 
Prior history of serious illness -0.041 0.192 -0.21 0.831 Delete  
Self-rated health 0.032 0.223 0.14 0.886 Delete 
Length of stay post procedure 0.011 0.009 1.3 0.193 Delete  
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TABLE 7:  NOMINAL SCALE VARIABLES WITH MORE THAN TWO CATEGORIES- TEST FOR OVERALL SIGNIFICANCE  
*Z=chi-square test, ** BMI using 'normal' weight as the reference 
2. Deleting variables  
Covariates were then deleted by looking at the Wald test p-value for the individual 
covariates. Those with the highest values were deleted first. In this case prior history of a 
serious illness and self-rated health were deleted first. 
The LR test of the models with/without the deleted variable was then carried out to 
confirm that the deleted variable was not significant. This was especially important when 
deleting nominal scale covariates. Also the effect of removal of one covariate on the 
other covariates was examined to ensure that any confounders were added back into the 
model. 
Prior history of a serious illness 
The first covariate to be removed was prior history of a serious illness. The partial 
likelihood ratio test comparing the first model with 11 variables to the reduced model 
without prior history of serious illness had p=0.997 (using the same observations in the 
two models) .Therefore the deleted variable was not significantly associated with 
readmission. As we can see from Table 8: and Table 9:  this removal had very little effect 
on the size of the estimates (coefficients) of the other covariates. Therefore we can 
conclude that prior history was not a confounder of the effect of the other covariates. 
TABLE 8:  ESTIMATED COEFFICIENTS, STANDARD ERRORS, Z-SCORES, TWO-TAILED P-VALUES, AND 95% CI ESTIMATES FOR 
THE REDUCED PROPORTIONAL HAZARDS MODEL (REMOVEL OF PRIOR HISTORY) 
 
TABLE 9:  NOMINAL SCALE VARIABLES WITH MORE THAN TWO CATEGORIES- TEST FOR OVERALL SIGNIFICANCE  
*Z=chi-square test ** BMI using normal weight as the reference 
Variable Z* p>|z| Next step 
Total number of o/night admissions in previous 12 months  10.90 0.012 Leave in 
BMI** 4.24 0.237 Delete  
Physical activity session per week 7.03 0.071 Delete 
Help with daily activity required because of disability 5.98 0.050 Leave in  
Number of alcohol sessions per week 6.96 0.074 Delete  
Household income 10.34 0.016 Leave in 
Variable Coefficient 
Standard 
error z p>|z| Next step 
Sex -0.444 0.204 -2.18 0.030 Leave in  
Age 0.005 0.011 0.43 0.667 Leave in 
Self-rated health 0.029 0.222 0.13 0.895 Delete  
Length of stay post procedure 0.011 0.009 1.29 0.196 Delete  
Variable Z* p>|z| Next step 
Total number of o/night admissions in previous 12 months  10.88 0.012 Leave in 
BMI* 4.24 0.120 Delete   
Physical activity session per week 7.03 0.071 Delete   
Help with daily activity required because of disability 5.94 0.051 Leave in 
Number of alcohol sessions per week 6.94 0.031 Leave in 
Household income 10.29 0.016 Leave in 
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Self-rated health 
The next covariate to be removed was self-rated health. The partial likelihood ratio test 
comparing the model with 10 variables to the reduced model without self-rated health 
had p=1.00 and we conclude that the deleted variable was not associated with 
readmission. There were no changes to the coefficients of the other variables.  
TABLE 10:  ESTIMATED COEFFICIENTS, STANDARD ERRORS, Z-SCORES, TWO-TAILED P-VALUES, AND 95% CI ESTIMATES FOR 
THE REDUCED PROPORTIONAL HAZARDS MODEL (REMOVAL OF SELF-RATED HEALTH) 
 
TABLE 11:  NOMINAL SCALE VARIABLES WITH MORE THAN TWO CATEGORIES- TEST FOR OVERALL SIGNIFICANCE  
*Z=Wald statistic=Coefficient/Standard error, **BMI using normal weight as the reference 
Length of stay post procedure 
The length of stay that a subject remained in hospital post knee arthroplasty was the next 
covariate to be deleted. The LR test comparing the two models had p= 0.251 and 
therefore the length of stay in hospital was not significantly associated with readmission.  
TABLE 12:  ESTIMATED COEFFICIENTS, STANDARD ERRORS, Z-SCORES, TWO-TAILED P-VALUES, AND 95% CI ESTIMATES FOR 
THE REDUCED PROPORTIONAL HAZARDS MODEL (REMOVAL OF LENGTH OF STAY) 
TABLE 13:  NOMINAL SCALE VARIABLES WITH MORE THAN TWO CATEGORIES- TEST FOR OVERALL SIGNIFICANCE -REDUCED 
MODEL 
*Z=chi-square test, **BMI using normal weight as the reference 
Variable Coefficient 
Standard 
error z p>|z| Next step 
Sex -0.474 0.202 -2.35 0.019 Leave in  
Age 0.004 0.011 0.41 0.680 Leave in 
Length of stay post procedure 0.010 0.009 1.11 0.243 Delete  
Variable Z* p>|z| Next step 
Total number of o/night admissions in previous 12 months  12.24 0.007 Leave in 
BMI* 3.93 0.140 Delete 
Physical activity session per week 7.40 0.060 Delete  
Help with daily activity required because of disability 6.87 0.032 Leave in  
Number of alcohol sessions per week 7.74 0.021 Leave in 
Household income 9.95 0.019 Leave in 
Variable Coefficient 
Std 
error Wald test p>|z| Next step 
Sex  -0.464 0.202 -2.20 0.021 Leave in 
Age 0.006 0.011 0.57 0.567 Leave in 
Variable Z* p>|z| Next step 
Total number of o/night admissions in previous 12 months  14.48 0.002 Leave in 
BMI** 4.22 0.121 Delete  
Physical activity session per week 6.96 0.073 Delete  
Help with daily activity required because of disability 8.11 0.017 Leave in  
Number of alcohol sessions per week 7.58 0.022 Leave in 
Household income 9.75 0.021 Leave in 
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BMI (categorical) 
BMI in its categorical form was then removed and the models examined. The partial 
likelihood ratio test comparing the two models had p=0.0925. Therefore we conclude that 
BMI was not associated with readmission. There was no significant change in the 
estimates of the other covariates apart from age, which is not a significant coefficient.  
TABLE 14:  ESTIMATED COEFFICIENTS, STANDARD ERRORS, Z-SCORES, TWO-TAILED P-VALUES, AND 95% CI ESTIMATES FOR 
THE REDUCED PROPORTIONAL HAZARDS MODEL (REMOVAL OF BMI) 
TABLE 15:  NOMINAL SCALE VARIABLES WITH MORE THAN TWO CATEGORIES- TEST FOR OVERALL SIGNIFICANCE  
*Z=Wald statistic=Coefficient/Standard error 
Alcohol sessions per week 
Number of alcohol sessions per week was then removed from the model. However the 
LR test comparing the two models (full to reduced) had p= 0.059 and the coefficient for 
sex changed from -0.429 to -0.288 when alcohol was removed from the model, therefore number of 
alcohol sessions was added back into the model. 
3. Adding cofounders back in 
At this stage of the model building process no further covariates were removed, so the 
reduced model above (Table 14: was compared with the initial multivariable model 
(Table 6: 0 to ensure that neither of the four deleted covariates were significant.   
The four deleted covariates were prior hx, BMI, self-rated health and length of stay. For 
this we needed to ensure that the models being compared were based on the same 
observations (missing variables).The partial likelihood ratio test comparing the full model 
with 11 variables to the reduced mode (7 variables) had p=0.350 and therefore we 
conclude that the 4 deleted variables were not significantly associated with the outcome. 
Age was maintained in the model for clinical importance; not because it is strongly 
associated with the outcome. 
The coefficients of the variables in this model are then examined when each deleted 
variable is added back to the model one by one, to ensure that no confounders have 
been removed during this step.  
 
 
 
 
 
Variable Coefficient 
Standard 
error z p>|z| Next step 
Sex  -0.429 0.196 -2.19 0.028 Leave in  
Age 0.008 0.010 0.86 0.388 Leave in 
Variable Z* p>|z| Next step 
Total number of o/night admissions in previous 12 months  15.05 0.002 Leave in 
Physical activity session per week 7.84 0.050 Leave in 
Help with daily activity required because of disability 9.79 0.008 Leave in  
Number of alcohol sessions per week 7.23 0.065 Delete  
Household income 9.88 0.020 Leave in 
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TABLE 16:  CHECKING FOR CONFOUNDERS 
NC=non-confounder (<20% change in the coefficient for that covariate when potential confounder was added in) 
When BMI was added back into the model the coefficient for 'alcohol_missing' category 
changed drastically, but as only 1 subject in this group experienced the event of interest 
it was not necessary to add BMI back in as it did not appear to be associated with risk of 
readmission. Adding in length of stay had an effect on the age covariate, even though 
age itself was not significantly associated with the outcome. It was decided to add this 
back into the model. 
TABLE 17:  VARIABLES IN THE MODEL AT THIS STAGE 
 
 
 
 
 
 
 
 
4. Creating the preliminary main effects model 
At this stage the covariates that were not included in the initial multivariable model (as 
they were not significant at the 20 % level in the univariate analysis) were added in one 
by one to confirm that they were neither significant nor an important confounder.  
The six covariates tested for significance in this manner were: smoking, age categorised 
(not continuous), marital status, health insurance, area of residence, social time as well 
as type of arthroplasty. The partial likelihood ratio test was used to compare the two 
models and coefficients were examined for change to ascertain whether the new variable 
Variable Model 
 
Add prior hx Add self-rated health Add LOS 
 
Add BMI 
Sex  -0.429 nc nc nc nc 
Age 0.008 nc nc ** nc 
Total stay1 0.498 nc nc nc nc 
Total stay2 0.348 nc nc nc nc 
Total stay3 1.130 nc nc nc nc 
Physical1 -0.253 nc nc nc nc 
Physical2 0.169 nc nc nc nc 
Physical3 0.471 nc nc nc nc 
Help yes 0.681 nc nc nc nc 
Help missing 0.524 nc nc nc nc 
Alcohol1 -0.439 nc nc nc nc 
Alcohol 2 -0.533 nc nc nc nc 
Alcohol miss -1.431 nc nc ** nc 
Income 2 -0.483 nc nc nc nc 
Income 3 -0.899 nc nc nc nc 
Income 999 -0.338 nc nc nc nc 
Variables in the model.   
Sex   
Age (continuous)     
Total number of o/night admissions in previous 12 months(categorical)   
Number of physical activity sessions(categorical)   
Help with daily activity required because of disability (categorical)   
Number of alcohol sessions per week (categorical)   
Household income (categorical)   
Length of stay post procedure (continuous)   
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may have been an important cofounder. The results of comparing the larger model with 
the reduced model and that with the new are presented below. 
TABLE 18:  PARTIAL LIKELIHOOD RATIO TEST COMPARING THE REDUCED MODEL TO THAT WITH THE ADDED COVARIATE 
*z= partial likelihood ratio test 
None of the covariates tested were significant or impacted on other covariates in the 
model. Therefore the preliminary main effects model has the variables outlined in Table 
17:  above and the coefficients are presented in Table 19: Table 20: below. 
TABLE 19:  ESTIMATED COEFFICIENTS, STANDARD ERRORS, Z-SCORES, TWO-TAILED P-VALUES, AND 95% CI ESTIMATES FOR 
THE PRELIMINARY MAIN EFFECTS MODEL 
 
 
 
 
TABLE 20:  NOMINAL SCALE VARIABLES WITH MORE THAN TWO CATEGORIES- TEST FOR OVERALL SIGNIFICANCE -REDUCED 
MODEL 
 
 
 
 
 
 
 
 
*Z=chi-square test 
4. Examining the scales of continuous covariates 
To assess whether the effect of any continuous covariate were linear in the log hazard 
martingale residuals were used. The only continuous covariates in the model were age 
and length of stay post procedure. The plot of the residuals from the model without 
length of stay it isn't very linear. The residuals were then plotted against transformations 
of the length of stay variable (log, square root length of stay and length of stay^0.25) as 
shown in Figure 11:  
 
 
Variable added to the reduced model Z* p>|z| Confounder 
Smoking   2.76 0.430 no 
Age categorised instead of continuous 1.07 0.302 no 
Marital status 0.23 0.631 no 
Health insurance 0.01 0.913 no 
Area of residence 0.49 0.781 no 
Social time 0.04 0.838 no 
Type of arthroplasty 0.29 0.867 no 
Variable Coefficient 
Std 
error Wald p>|z| 
Sex  -0.436 0.196 -2.23 0.026 
Age 0.006 0.010 0.64 0.520 
Length of stay post procedure 0.012 0.008 1.40 0.162 
Variable Z* p>|z| 
Total number of o/night admissions in previous 12 months  12.51 0.006 
Number of physical activity sessions (categorical) 8.31 0.040 
Help with daily activity required because of disability 8.23 0.016 
Number of alcohol sessions per week 7.45 0.059 
Household income 10.21 0.017 
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FIGURE 11:  PLOTS OF MARTINGALE RESIDUALS VERSUS LENGTH OF STAY, LOG(LENGTH OF STAY) , SQ(LENGTH OF 
STAY), LENGTH OF STAY^0.25 
 
             
                  
 
              
                      
It may be appropriate to categorise length of stay in hospital from looking at the graphs.  
For the mean time however, we will try to transform it to near normality.  
FIGURE 12:  HISTOGRAM OF  LENGTH OF STAY, LOG(LENGTH OF STAY) , SQ(LENGTH OF STAY), LENGTH OF STAY^0.25 
           
           
 
While not ideal the last transformation (length of stay) 
0.25 
comes close to normalising the 
variable. The other option because of the right skewness of length of stay (mean =10 
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days, median = 7 days max =112 days) would be to categorise the variable. This is the 
safe option when unsure what functional form the covariates should be present in.  
TABLE 21:  LENGTH OF STAY POST PROCEDURE CATEGORISED 
 
FIGURE 13:  PLOT OF MARTINGALE RESIDUALS VERSUS AGE 
 
Above is the graph of the martingale residuals from the model without age versus age at 
surgery, which appears to be quite linear. 
The model here with the covariates in the appropriate scale is called the main effects 
model. 
TABLE 22:  VARIABLES IN THE  MAIN EFFECTS MODEL 
 
 
 
 
 
 
 
5. Checking whether any interactions are required 
The final step in the variable selection process was to determine whether any 
interactions were needed. As with any model building exercise the interactions tested 
should only be between two covariates already in the main effects model and should be 
plausible and clinically interesting. 
Each individual interaction was assessed by examining the Wald statistic for that 
interaction when added to the model. If the interaction term had more than one level, as 
was the case with many of the nominal covariates, then a chi square test for the overall 
significance of the interaction was carried out to test for the overall significance of the 
interaction variable. 
      Total        1,906      100.00
                                                
   >14 days          507       26.60      100.00
  8-14 days          446       23.40       73.40
    0-7days          953       50.00       50.00
                                                
    los_cat        Freq.     Percent        Cum.
. tab los_cat
Variables in the main effects model. 
Sex (categorical) 
Age (continuous) 
Total number of o/night admissions in previous 12 months (categorical) 
Number of physical activity sessions (categorical) 
Help with daily activity required because of disability (categorical) 
Number of alcohol sessions per week (categorical) 
Household income (categorical) 
Length of stay post procedure )^0.25 (continuous) 
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If an interaction was found to be significant in this manner, then the larger model (with 
the interaction included) was compared to the main effects model (i.e. the model without 
any interaction terms present) via the partial likelihood ratio test (taking care to use the 
same observations). Often when an interaction term enters a model, the coefficient of 
one of its component main effects may have a non-significant Wald statistic. However all 
main effects of significant interactions should remain in the model. Only significant 
interactions were retained as they are difficult to interpret and will increase the standard 
errors unnecessarily. A significant categorical * continuous interaction means that the 
slope of the continuous variable is different for one or more levels of the categorical 
variable, eg slope of age would be different in men and woman. 
TABLE 23:  LIST OF POSSIBLE INTERACTION TERMS TO CONSIDER 
 * Wald test or if the interaction term had more than two levels then a chi-square test for the overall test for the interaction term was carried out. 
** A significant categorical X continuous interaction means that the slope of the continuous variable is different for one or more levels of the 
categorical variable. 
From the above table we can see that there were two significant interaction terms, 
namely length of stay (transformed) * age and length of stay (transformed) *previous 
number of hospital admissions.  
When each interaction was added to the model with the other interactions present the 
only significant one was that between length of stay (transformed) and age; the other 
was not significant.  
The next step was to compare the model with the interaction to the model with no 
interaction using the partial likelihood ratio test (the models are nested). The significant 
test (likelihood ratio test (1) = 7.29; p=0.007) indicates that we can reject the null 
hypothesis that the two models fit the data equally well and conclude that the bigger 
model with the interactions fits the data better than the smaller model without the 
interaction. 
    
Interaction Variable Test for significance* P value 
Age (continuous) Gender (categorical)** -1.81 0.070 
Total number of o/night admissions in 
previous 12 months (categorical) 
1.53 0.676 
Physical activity sessions (categorical) 3.31 0.336 
Help with daily activity required because 
of disability (categorical) 
2.64 0.268 
Number of alcohol sessions per week 
(categorical)  
0.96 0.810 
Household income (categorical) 1.14 0.767 
 Length of stay ^ 0.25 (continuous) -2.76 0.006 
Length of stay^0.25 (continuous) Total number of o/night admissions in 
previous 12 months 
9.64 0.022 
Gender (categorical) Total number of o/night admissions in 
previous 12 months 
0.39 0.941 
Physical activity sessions (categorical) 6.46 0.092 
Help with daily activity required because 
of disability (categorical) 
2.27 0.322 
Number of alcohol sessions per week 
(categorical) 
2.37 0.306 
Household income (categorical) 1.25 0.741 
 Length of stay ^ 0.25(continuous) 3.53 0.060 
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Interpreting the interaction between los^0.25 and age 
The effect of increasing length of stay on risk of readmission depends on the age of the 
patient. The individual coefficients for these covariates can no longer be interpreted in a 
simple fashion because of this interaction.  
Note when length of stay is categorised, the interaction with age is not significant. This is 
not surprising as categorised variables have less power (they have less degrees of 
freedom) and even more so when they are in an interaction term, where you end up with 
more groups. This probably indicates at this point that length of stay isn't strongly 
associated with risk of readmission and we will keep it in the model in continuous form at 
this stage. 
TABLE 24:  ESTIMATED COEFFICIENTS, STANDARD ERRORS, Z-SCORES, TWO-TAILED P-VALUES, AND 95% CI ESTIMATES FOR 
THE PRELIMINARY MODEL  
 
 
 
 
TABLE 25:  NOMINAL SCALE VARIABLES WITH MORE THAN TWO CATEGORIES- TEST FOR OVERALL SIGNIFICANCE 
PRELIMINARY MODEL 
 
 
 
 
 
 
 
*Z=chi-square test. ** Reference =20-49K 
Both the number of number of alcohol sessions per week and the number of physical 
activity sessions per week become marginally non-significant at this stage(p=0.074 and 
0.051) but are all significant at the 10% level so will be maintained in the model for the 
time being. 
6. Model checking 
1. Tests for proportional hazards 
The scaled Schoenfeld residuals provide a test for the validity of the proportional hazards 
(PH) assumption. If the PH assumption is met, then a plot of the scaled Schoenfeld 
residuals over time (or some function of time) should have zero slope. For persons that 
are censored the value of the residual is set to zero- this is very obvious in Figure 18:  
where only person in the third graph experienced the event; the others were censored. 
The test produces the following output, verifying that overall the PH assumption for the 
model is satisfied and is not breached for any of the variables, apart from physical 
activity sessions per week. The graphs which are in agreement with these tests, follow. 
Variable Coefficient 
Std 
error z p>|z| 
Sex  -0.448 0.198 -2.27 0.023 
Age 0.137 0.049 2.82 0.005 
(Length of stay post procedure)^0.25 5.46 1.93 2.83 0.005 
(Length of stay post procedure)^0.25 * Age -0.073 0.026 -2.76 0.006 
Variable Z p>|z| 
Total number of o/night admissions in previous 12 months  12.75 0.005 
Physical activity session per week 7.77 0.051 
Help with daily activity required because of disability 8.15 0.017 
Number of alcohol sessions per week** 6.92 0.074 
Household income 8.77 0.033 
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FIGURE 14:  TEST OF PROPORTIONAL HAZARDS ASSUMPTION 
 
From these plots, one can see how the relationship between certain covariates and the 
event of interest is dominated by a small number of outlying points.  Overall though it 
would appear that the proportional hazards assumptions are met for the model over all 
(p=0.341) and for the individual covariates, with a possible departure from this for 
physical activity. In the scenario where the PH assumption is breached options include 
stratification by that covariate, looking at the hazards for the different levels of that 
covariate. 
FIGURE 15:  PLOTS OF SCALED SCHOENFED RESIDUALS FOR GENDER AND AGE OF SURGERY 
                 
With age one can see how the relationship is dominated by a small number of outlying 
points that will need to be examined further. The same can be seen with the other 
covariates examined, namely: number of hospital stays in hospital, help with disability, 
alcohol 
FIGURE 16:  PLOTS OF SCALED SCHOENFED RESIDUALS FOR NUMBER OF PREVIOUS STAYS IN HOSPITAL 
              
                                                                      
      global test                       19.85       18         0.3413
                                                                      
      c.los25#c.~y       0.08162         1.43        1         0.2316
      los25             -0.06716         0.96        1         0.3261
      _Ipasessio~3       0.18229         4.42        1         0.0356
      _Ipasessio~2       0.01051         0.01        1         0.9064
      _Ipasessio~1       0.09890         1.31        1         0.2531
      _Ihouseh~999      -0.00936         0.01        1         0.9162
      _Ihousehol~3      -0.05998         0.47        1         0.4921
      _Ihousehol~2      -0.01319         0.02        1         0.8813
      _Ialchol~999      -0.00951         0.01        1         0.9129
      _Ialcholpw~2       0.09305         1.25        1         0.2639
      _Ialcholpw~1       0.06465         0.58        1         0.4483
      _Ihelp4d~999      -0.11303         1.64        1         0.1997
      _Ihelp4dis~1       0.08077         0.91        1         0.3392
      _Itotalsta~3       0.09513         1.21        1         0.2720
      _Itotalsta~2      -0.11493         1.79        1         0.1814
      _Itotalsta~1       0.05603         0.40        1         0.5250
      age_surgery       -0.08056         1.38        1         0.2399
      _Isex_2           -0.03938         0.19        1         0.6634
                                                                      
                          rho            chi2       df       Prob>chi2
                                                                      
      Time:  Time
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FIGURE 17:  PLOTS OF SCALED SCHOENFED RESIDUALS FOR HELP WITH DAILY ACTIVITIES BECAUSE OF DISABILITY 
      
FIGURE 18:  PLOTS OF SCALED SCHOENFED RESIDUALS FOR CATEGORIES OF ALCOHOL PER WEEK 
         
FIGURE 19:  PLOTS OF SCALED SCHOENFED RESIDUALS FOR CATEGORIES OF PHYSICAL ACTIVITY 
   
FIGURE 20:  PLOTS OF SCALED SCHOENFED RESIDUALS FOR CATEGORIES OF INCOME 
   
FIGURE 21:  PLOTS OF SCALED SCHOENFED RESIDUALS FOR LENGTH OF STAY ^0.25 AND FOR LENGTH OF 
STAY^0.25*AGE 
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Identifying influential observations-outliers 
From looking at the plots of the Schoenfeld residuals above it becomes apparent that 
there are some interesting observations that exert influence on the results. An interesting 
one is those with missing data for alcohol consumption per week; where just one of the 
subjects had the event of interest. Using a quantity called Cook's distances we can 
measure the influence that each observation has on the regression estimates β. These 
are obtained using the Dfbeta command in Stata.  
FIGURE 22:  PLOTS OF INDIVIDUAL OBESERVATIONS' INFLUENCE FOR GENDER AND AGE AT SURGERY 
     
Obvious outliers in the age of surgery covariate are numbers 773, 1896 and 580. There 
are none apparent in sex, for obvious reasons. 
FIGURE 23:  PLOTS OF INDIVIDUAL OBESERVATIONS' INFLUENCE FOR NUMBER OF PREVIOUS STAYS IN HOSPITAL 
OVER THE PRECEEDING 12 MONTHS 
  One previous admission    Two previous admissions   
                                
Three or more admissions 
 
           
There were 12 patients that experienced the event of interest in the 2nd and third graph; 
namely those with 2 and those with 3 or more readmissions. 
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FIGURE 24:  PLOTS OF INDIVIDUAL OBESERVATIONS' INFLUENCE BY HELP WITH DAILY ACTIVITIES  
       
 
FIGURE 25:  PLOTS OF INDIVIDUAL OBESERVATIONS' INFLUENCE BY CATEGORIES OF ALCOHOL INTAKE  
          
The subject (n=1864) with the very obvious outlier in the 3rd graph represents the one 
participant in the cohort with missing data for alcohol intake that had the event of interest. 
The other 48 subjects in this category (missing alcohol data) were censored. 
FIGURE 26:  PLOTS OF INDIVIDUAL OBESERVATIONS' INFLUENCE BY CATEGORIES OF PHYSICAL ACTIVITY  
   
FIGURE 27:  PLOTS OF INDIVIDUAL OBESERVATIONS' INFLUENCE BY LENGTH OF STAY ^0.25 AND FOR LENGTH OF 
STAY ^0.25*AGE 
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 RESULTS 38  
Interestingly the numbers n=590, 773, 818, 1282 and 1896 show up as being outliers in 
both of these plots also. They were outliers in the plot of age on its own (Figure 22: ) 
 
What's unusual here is the length of stay that the subjects had. The median length of 
stay following knee arthroplasty for the entire cohort was 7 days, whereas the first two 
subjects here (580 and 773) were discharged on the same day or the following day. In 
this scenario it is beneficial to go back and check the data again to see what type of 
arthroplasty they had. Surprisingly they had had a hemi-knee and total-knee arthroplasty.  
Patient 818 was unusual in that he was a lot older (82.4 years) and spent considerable 
time in hospital post procedure (73 days). Patients with ID 1895 and 1896 were younger 
(49.6 and 48.7) yet spent a long time in hospital than the average (32 and 56 days 
respectively). 
Overall goodness of fit of the model 
Using Cox-Snell residuals- the expected number of events for each observation- we can 
ascertain the goodness of fit of the model 
FIGURE 28:  . GOODNESS OF FIT OF THE MODEL USING COX SNELL RESIDUALS 
 
 
As can be seen from the graph below there seems to be some departure from the 45 
degree line, especially towards the end of the period. Most of the observations fall along 
the equality line in the Cox-Snell residuals, there are handful that are going off at the 
end. The dot plot may be a bit misleading however as the residuals between 0 and 0.3 
are way more numerous, with 99% of the residuals (n=1832) less than 0.3. We can 
conclude from this that the model is a good fit to the data. 
TABLE 26:  BREAKDOWN OF COX -SNELL RESIDUALS 
 
                                                                                                                               
1896.   1896   Female       48.7      69.82         56          7   2.735565       1.63   133.1958      116.9          1    1  
1895.   1895   Female       49.6      69.82         32          7   2.378414       1.63   117.9368      116.9          0   28  
 818.    818     Male       82.4      69.82         73          7   2.923013       1.63   240.9924      116.9          1   22  
 773.    773     Male       83.7      69.82          0          7          0       1.63          0      116.9          1    7  
 580.    580   Female       56.3      69.82          1          7          1       1.63   56.27123      116.9          1   12  
                                                                                                                               
           n      sex   age_su~y   median~e   los_po~y   median~s      los25   m~_los25   age_l~25   m~elos25   readm~28   _t  
                                                                                                                               
0
.2
.4
.6
.8
1
0 .2 .4 .6 .8 1
Cox-Snell residual
Nelson-Aalen cumulative hazard Cox-Snell residual
                            Total        1,851      100.00
                                                                      
                 greater than 0.5            1        0.05      100.00
 greater than 0.4 & less than 0.5            9        0.49       99.95
 greater than 0.3 & less than 0.4            9        0.49       99.46
                    less than 0.3        1,832       98.97       98.97
                                                                      
                       coxsn_cat1        Freq.     Percent        Cum.
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7. Interpretation of the model and findings 
The final model with Hazard ratios is outlined in the table below. 
TABLE 27:  FINAL MODEL  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*While alcohol consumption was not significantly associated with an increased risk of readmission and was maintained in the model as it was a confounder, 
there was a statistically significant difference between the first two categories.  
Gender  
Males were at a higher risk of being readmitted to hospital than females; controlling for 
other factors. They were 56% more like to be readmitted to hospital than females. 
Females were 36% (95% CI: 6%-57%) less likely to be readmitted to hospital within 28 
days post knee arthroplasty than males (with similar values for the other variables). Put 
another way males were 56% more like to be readmitted to hospital than females 
(1/06.64=1.56). 
Number of overnight hospital admissions 
Those with previous o/night hospital admissions in the 12 months prior to knee 
arthroplasty were at an increased risk of readmission than those that had not been in 
hospital in the preceding 12 months. Those that had 1 previous admission were 1.7 
times more likely to be readmitted than those that had none. Having 3 previous 
admissions greatly increased the risk of readmission (2.8 times).  Having had 2 previous 
admissions was not significant.  
Variable  HR 95% CI p>|z| 
Sex  Male 1.00  Reference   
0.023 Female 0.64   (0.43-0.94) 
Number of hospitalisations in the 
preceding 12 months 
0 1.00 Reference 0.005 
1 1.65 (1.08-2.54) 
2 1.34 (0.71-2.54) 
3+ 2.81 (1.47-5.37) 
Help with daily activities required No 1.00 Reference 0.017 
Yes 1.87 1.17-3.01 
Missing 1.64 0.87-3.09 
Number of alcohol drinks per week 0 1.00 Reference 0.074* 
<=14 0.65 0.44-0.95 
>15 0.60 0.33-1.09 
missing 0.26 0.04-1.85 
Income <20K 1.55 0.99-2.44 0.033 
20-49K 1.00 Reference 
>=50K 0.65 0.34-1.25 
Missing 1.11 0.67-1.83 
Physical activity sessions per week 0-<4 pw 1.00 Reference 0.051 
  4-<10 pw 0.77 0.47-1.28 
10-<18 pw 1.15 0.71-1.85 
18 or more pw 1.62 0.94-2.78 
Length of stay*Age Day^0.25* 
Year 
0.93 0.89-0.98 0.006 
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Help with daily activity 
Those that stated they needed help with their daily activity owing to a disability were also 
at increased risk of readmission than those who said they did not require help (HR= 1.9, 
95% CI: 1.2-3.0). 
Income  
Those with a household income of between 20K and 49K per year were taken as the 
reference group. Those that earn less than 20K had a greater risk of being readmitted 
than those in the reference group, (HR=1.55, 95% CI=0.99-2.44), however this fell just 
outside significance (p=0.056 and a 95%CI crossing 1.0).  
The only significant difference across income levels was between those earning greater 
than 50K compared to those earning less than 20K (HR=0.42, 95% CI=0.23-0.79). This 
means than those in the higher income bracket were 58% less likely to be readmitted 
than those earning less than 20K. Participants with missing income did not differ from the 
reference group.  
Alcohol units per week 
Overall alcohol was not associated with an increased risk of readmission, but was 
maintained in the model as a confounder. However those that drank up to 15 units per 
week were less at risk of readmission than those that didn't consume any alcohol (35% 
less likely to be readmitted, 95% CI: 5% -56%).  
While those that drank more than 15 units were also less at risk than those who didn't 
drink, this was not statistically significant.  The issue here is twofold. Firstly the '0' 
category is likely to be composed of a mix of ex-alcoholics and teetotallers who are very 
different from each other. Additionally small number of participants and events occurred 
in some of the categories. For example those that did not answer the question on weekly 
alcohol consumption (n=49) were assigned to a different category and there was only 
one event observed in this group 
 
Number of physical activity sessions per week 
Missed results here - there was a tendency towards higher risk of readmission in those 
that did more exercise but this was not significant. 
Age at which surgery occurred*length of stay in hospital after the surgery 
There is obviously an interaction between the age at which the patient has knee surgery 
and the length of stay in hospital after the procedure. This could be further explored. 
     Total       1,768        138       1,906 
                                             
 3 or more          44         12          56 
         2         121         12         133 
         1         272         29         301 
         0       1,331         85       1,416 
                                             
     12cat           0          1       Total
totalstays       readmission28
     Total       1,768        138       1,906 
                                             
       999          48          1          49 
15 or more         259         18         277 
      1-14         876         60         936 
      None         585         59         644 
                                             
        at           0          1       Total
alcholpw_c       readmission28
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Estimate the survival curves for different groups 
Once the final model has been decided upon it is possible to specify particular values for 
covariates of interest and plot survival curves, keeping other covariates at their mean 
values. These graphs are quite similar to KM plots; however the difference being that we 
can adjust for other covariates that are associated with the outcome. The proportional 
hazards assumption forces parallelism of these curves (absent in KM curves). The 
graphs here have the y scale cut-off for ease of comparison. 
FIGURE 29:  SURVIVAL CURVES FOR MALES VERSUS FEMALES IN THOSE WITH NO HOSPITALISATIONS AND THOSE 
WITH  THREE PREVIOUS HOSPITALTIONS IN THE LAST 12 MONTHS 
         
The poorer survival of males versus females (at mean age of 69.7 years) is quite clear 
from these two graphs. The first plot is for those patients with no prior stays, the second 
is for those who were in hospital three or more times in the 12 months before surgery. 
Note the different survival function-there is much poorer survival in those who have had 
had at least 3 stays in the past 12 months; they are at an increased risk of readmission. 
FIGURE 30:  SURVIVAL CURVES FOR MALES VERSUS FEMALES IN THOSE NOT REQUIRING DAILY HELP (PLOT1) AND 
THOSE REQUIRING DAILY HELP (PLOT 2) 
                      
Here we can see that those that require help with their daily activities because of 
disability have a poorer survival estimate that those who replied that they didn’t require 
such assistance, regardless of sex.  Similarly those with income less than 20K per year 
have poorer survival than those with income >50K per year. 
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FIGURE 31:  SURVIVAL CURVES FOR MALES VERSUS FEMALES WITH INCOME LESS THAN 20K PER YEAR (PLOT 1), 
AND INCOME GREATER THAN 50K PER YEAR (PLOT 2) 
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DISCUSSION 
This project served to examine whether those who were overweight or obese were at an 
increased risk of being readmitted to hospital within a 28 day period following separation 
for knee replacement. Readmission for this project was defined as 'first overnight 
readmission (excluding rehabilitation) within 28 days post separation after knee 
arthroplasty regardless of whether it was associated with the index surgery or 
not'. 
While the main question to be answered was whether or not obesity was associated with 
a higher risk of readmission, this was expanded upon to examine other risk factors for 
readmission following knee arthroplasty. 
A significant proportion of knee replacements were carried out on patients that were 
either overweight or obese. Of the surgical episodes with BMIs recorded (n=1769), 706 
(40 %) were carried out on patients that were overweight and 721(41%) on patients that 
were obese. Comparing this to the full 45 and Up cohort with data available for this 
variable (n=223,664), 40% were overweight (BMI ≥ 25), and 22% were obese (BMI ≥ 30).  
A total of 138 events of interest were recorded during follow up, with 7.2% of all knee 
arthroplasty episodes resulting in an overnight readmission within 28 days of separation. 
Approximately half of these readmissions occurred during the first week (n=61, 44%). 
Obesity was not significantly associated with an increased risk of readmission. There 
were 33 readmissions in the group of patients with normal BMI (9.8%), 43 in the 
overweight group (6.1%) and 53 (7.4%) in the obese group. Regardless of how BMI was 
categorised, those that were obese or even morbidly obese (BMI> 35), were not more 
likely to be readmitted to hospital within 28 days than those within normal range (BMI 20 
– 25).   
Factors that did have a clear association with readmission however, were gender; 
number of o/night hospital admissions in the preceding 12 months; income and requiring 
help with daily tasks because of long term illness or disability. 
Males were 56% more likely to be readmitted within 28 days than females; controlling for 
other factors that may have confounded the effect.  
Those that had one previous admission were 1.7 times more likely to be readmitted than 
those that had none (95% CI: 1.1–2.5). Having 3 previous admissions greatly increased 
the risk of readmission (2.8 times). Surprisingly having had 2 previous admissions was 
not significant. It may be worthwhile going back to the original data to ensure that the 
following categories were correctly created as it was a very complicated part of the 
project. 
Those that stated they needed help with their daily activity owing to a disability or long 
term illness  were also at increased risk of readmission than those who said they did not 
require help nearly twice as likely to be readmitted (HR=1.9, 95% CI: 1.2–3.0) than those 
that did not require help. 
As expected those that have a long term illness or disability and those that have had 
more admissions to hospital are more likely to be readmitted. Interestingly self-rated 
health which was strongly associated with poorer survival function in the univariate 
analysis (log rank test, p=0.013) was not significant when entered into the multivariable 
model. This may be due to the fact that other factors such as income and number of 
previous hospital admissions had a stronger influence. 
In relation to household income, the only significant difference across categories was 
between those earning greater than 50K compared to those earning less than 20K 
(HR=0.42, 95% CI=0.23 – 0.79). This means than those in the higher income bracket 
were 58% less likely to be readmitted than those earning less than 20K.  
 DISCUSSION 44  
Because of the interaction between length of stay post arthroplasty and age at which the 
surgery was carried out, elderly patients with longer stays post procedure had a different 
risk of readmission that younger patients with similar lengths of stay. Because of the 
transformed nature of length of stay, interpretation is difficult.  When length of stay was 
categorised for ease of interpretation, a loss of power meant the interaction was no 
longer significant.  
A major limitation of the project was the readmission definition that was used (owing to 
data constraints). Readmission for this project was defined as 'first overnight 
readmission (excluding rehabilitation) within 28 days post separation after knee 
arthroplasty regardless of whether it was associated with the index surgery or 
not'. While this is the accepted definition used when readmission rates are taken as 
clinical indicators of good performance [20-22], I would have preferred to narrow the 
definition to 'admissions directly associated with the index surgery'. This may have led to 
more interesting findings.  
Narrowing the definition to ‘readmission with a complication post–surgery’ would have 
led to a significantly lower event size. As a result it would have been necessary to extend 
the time period post-separation to be examined (e.g. up to 90 days) to have sufficient 
power. This would have involved tedious data manipulation to examine all admissions in 
a 90 day period post separation to firstly define whether it was a complication or not (and 
take the first complications as the event of interest), and additionally to exclude patients 
that had other surgical episode in that 90 day period. While this would have been 
feasible it would have taken a considerable length of time and the decision was made to 
use the broader definition of any cause readmission.  Studies that have used 
readmission with complications post surgery as the event of interest [5, 27] have often 
used different dataset- most likely patient registries rather than administrative hospital 
datasets like the APDC dataset that was used for this project. The benefit of a registry is 
the ability to clearly identify those hospital admissions that are as a direct result of post- 
operative complications.  
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APPENDIX 
TABLE 28:  ACHI CODES FOR KNEE ARTHROPLASTY  
Code  
total knee arthroplasty (TKA) 
 
49518-00, 49519-00, 49521-01, 49521-02, 49521-03, 49524-00, 49524-01, 49534-01, 
49534-00 
 
hemi -knee arthroplasty 49517-00 
 
TKA revision  
 
49527-00, 49554-00, 49530-00, 49533-00,49530-01 
 
 
TABLE 29:  LIST OF VARIABLES FROM THE HOSPITAL DATASET / CREATED FROM THE DATASET THAT WERE USED  
Variable subset Variable 
Knee arthroplasty Total Knee Arthroplasty (TKA),  
Hemi Knee Arthroplasy (HKA),  
Knee revision  
Hospital admission date Date admitted 
Hospital separation date Date left  
Length of stay in hospital  Difference in days between above 
Length of stay post arthroplasty Difference inn days between date of procedure and separation 
date 
Number of previous o/night admissions  Number of overnight admission (any cause) in the 12 months 
prior to knee arthroplasty. Created by linking the knee surgery 
dataset back to the original hospital dataset. 
Readmission to hospital following knee arthroplasty Overnight readmission for any cause. Defined here as the first 
overnight re-admission within either a 28 day, excluding 
admission to a step down rehab facility. 
Separation to a step down facility Identified as readmission on the same day as separation  and a 
ICD 10 code of  
 
TABLE 30:  LIST OF VARIABLES FROM THE 45 AND UP STUDY THAT WERE USED IN THE MODELLING PROCEDURE 
Variable  Variable name and categories 
Sex  0=male 1=female 
Age at knee surgery Date of birth was not in the dataset, but age at date of filling out the 
questionnaire was, therefore age at surgery was created using these 
variables  
Age (categorised) agegroup: 1 "45-64" 2 "65-79" 3 "80 and older" 
BMI Calculated using height and weight  
BMI (categorised) BMI was also categorised as bmicat:1 "Underweight" 2 "Healthy weight" 3 
"Overweight" 4 "Obese" 
Prior history of serious illness At least one of the following self-reported from the questionnaire: 
cancer( prostate, breast, melanoma, other) 
heart disease-doctor diagnosis 
stroke-doctor diagnosis 
diabetes-doctor diagnosis 
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Smoking status Smkstatus: 1 "Current smoker" 2"Ex smoker" 3 "Never smoker" 4"missing" 
Alcohol intake drinksperweek 0 "None" 1 "1-14" 2 "15 or more" 3 "Missing" 
Self-reported health 0 "Fair/poor/good" 1 "V.good/excellent" 
Marital status marstat2 0 "Not currrently married/defacto" 1 "Married/defacto" 
Household income Householdinc2: 1 "<20K" 2 "20-49K" 3">=50" 999 "missing" 
Region of residence region2: 1 "Major Cities"  2 "Inner Regional"  3 "More remote" 
Physical activity sessions per weeks pacat 0 "0-<4 pw" 1 "4-<10 pw" 2 "10-<18  pw" 3 "18 or more pw" 
Health insurance healthinsure 0 "None" 1 "Hosp/DVA" 
Help with daily tasks because of long-
term illness or disability 
Helpwithactivity 0 "No" 1 "Yes" 2 "Missing" 
Social time Social_1 0 "No time" 1 "Some time' 
Diabetes Diabetes 0 “no” 1 “yes” 
 
